Supplementary Figure S1 . Breaking symmetry. The geometry of the resonant metalens under study in the main text is a square meaning that it has symmetries. One could argue that this
specific geometry gives rise to modal degeneracy and is not the best geometry to get the maximum of degrees of freedom. In order to have an idea of what happens when we break the symmetries, we have simulated a nanorod medium which is the same as the square one but we have changed the position of 7 nanorods (top). We place a small dipole in the near field of the medium as in the simulation of the main text (Figure 2 .a) and emit a short pulse. In the same time we probe the transient farfield in the azimuthal plane. Then, we Fourier transform the transient farfield and represent the directivity patterns as a function of the operating wavelength for both square medium and the more complex geometry (bottom). When comparing the two results it does not seem that the more complicated geometry gives rise to a higher number of degrees of freedom, and the two maps really looks similar. We attribute this effect to the fact that the medium under investigation is comparable to the free space wavelength. We believe that using larger lenses, inducing disorder or asymmetries should lift the degeneracy of the modes, and result in slightly more degrees of freedom.
Supplementary Figure S2 . Infinite rod medium dispersion. Plot of the isofrequency contour at 500 THz of the propagating modes in an infinite medium made out of parallel silver cylinders (diameter 30 nm organized on a square lattice of pitch 50 nm). The continuous blue line corresponds to a theoretical preduiction 33 and the ast symbols to simulations. The red dotted line is the free space isofrequency contour.
